Points indicate individual flow cytometry measurements of forward scatter and side scatter. Colored points indicate arbitrary gating contours ranging from 100% (↵ = 1.0) to 5% (↵ = 0.05). All measurements for this work were made computing the mean fluorescence from the 40 th percentile (↵ = 0.4), shown as orange points. Figure S3 . Comparison of experimental methods to determine the fold-change, related to STAR Methods. The fold-change in gene expression for equivalent simple-repression constructs has been determined using three independent methods: flow cytometry (this work), colorimetric Miller assays (Garcia and Phillips 2011a), and video microscopy (Brewster et al. 2014) . All three methods give consistent results, although flow cytometry measurements lose accuracy for fold-change less than 10 2 . Note that the repressor-DNA binding energies " RA used for the theoretical predictions were determined in Garcia and Phillips (2011a). The large parameter intervals for many of the O3 strains are due to the flatter induction profile (as seen by its smaller dynamic range), and the ability for a large range of K and n values to describe the data. Figure S11 . O1 strain fold-change predictions based on strain-specific parameter estimation of K A and K I , related to STAR Methods. Fold-change in expression is plotted as a function of IPTG concentration for all strains containing an O1 operator. The solid points correspond to the mean experimental value. The solid lines correspond to Eq. (5) using the parameter estimates of K A and K I . Each row uses a single set of parameter values based on the strain noted on the left axis. The shaded plots along the diagonal are those where the parameter estimates are plotted along with the data used to infer them. Values for repressor copy number and operator binding energy are from Garcia and Phillips (2011a). The shaded region on the curve represents the uncertainty from our parameter estimates and reflect the 95% highest probability density region of the parameter predictions. Figure S12 . O2 strain fold-change predictions based on strain-specific parameter estimation of K A and K I , related to STAR Methods. Fold-change in expression is plotted as a function of IPTG concentration for all strains containing an O2 operator. The plots and data shown are analogous to Fig. S11 , but for the O2 operator.
O3 9.7 Figure S13 . O3 strain fold-change predictions based on strain-specific parameter estimation of K A and K I , related to STAR Methods. Fold-change in expression is plotted as a function of IPTG concentration for all strains containing an O3 operator. The plots and data shown are analogous to Fig. S11 , but for the O3 operator. We note that when using the R = 22 O3 strain to predict K A and K I , the large uncertainty in the estimates of these parameters (see Fig. 5 (D)) leads to correspondingly wider credible regions. Figure S14 . Dependence of leakiness, saturation, and dynamic range on the operator binding energy and repressor copy number, related to STAR Methods. Increasing repressor copy number or decreasing the repressor-operator binding energy suppresses gene expression and decreases both the (A) leakiness and (B) saturation. (C) The dynamic range retains its shape but shifts right as the repressor copy number increases. The peak in the dynamic range can be understood by considering the two extremes for " RA : for small repressor-operator binding energies, the leakiness is small but the saturation increases with " RA ; for large repressor-operator binding energies the saturation is near unity and the leakiness increases with " RA , thereby decreasing the dynamic range. Repressor copy number does not affect the maximum dynamic range (see Eq. (21)). Circles, diamonds, and squares represent " RA values for the O1, O2, and O3 operators, respectively, demonstrating the expected values of the properties using those strains. The inverse product of the Boltzmann constant kB and the temperature T of the system Table S5 . Global fit of all parameter values using the entire data set. Related to Figure 5 and STAR Methods. In addition to fitting the repressor inducer dissociation constants K A and K I as was done in the text, we also fit the repressor DNA binding energy " RA as well as the repressor copy numbers R for each strain. The middle columns show the previously reported values for all " RA and R values, with ± representing the standard deviation of three replicates. The right column shows the global fits from this work, with the subscript and superscript notation denoting the 95% credible region. Note that there is overlap between all of the repressor copy numbers and that the net difference in the repressor-DNA binding energies is less than 1 k B T . The logarithmsk A = log K A 1 M and k I = log K I 1 M of the dissociation constants were fit for numerical stability.
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